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Description 

Technical Field 

This invention relates generally to printers which re- 
produce graphic images in the form of pixels of substan- 
tially constant size but of differing density and more par- 
ticularly to methods for enlarging the images produced 
by such printers. 

Background Art 

Currently, the highest resolution video monitors 
have an image format consisting of 1024 lines at a res- 
olution of 1280 pixels (picture elements) per line. When 
graphic images are printed on thermal printers in this 
format the printer head typically has 1280 pixels at a 
pitch of approximately 6 dots per millimeter. If the den- 
sity of each pixel is controlled with sufficient accuracy, 
a nearly continuous tone image is produced. Alterna- 
tively, such images can be printed using facsimile (com- 
monly referred to simply as FAX) printer heads, which 
operate in the same manner but typically print 1728 pix- 
els per line at a pitch of 8 dots per millimeter. Because 
FAX heads are made in significantly larger volume than 
are 6 dot per millimeter thermal printer heads, they tend 
to be less expensive. When a 1 280 by 1024 pixel image 
is printed on a thermal printer using a FAX head, how- 
ever, the image is smaller than it would be if it had been 
printed with a 6 dot per millimeter head because each 
pixel remains constant in size. It would be commercially 
advantageous, therefore, if a graphic image could be 
scaled so that, when printed in a thermal printer using 
a FAX head, it would be comparable in size to similar 
images produced by standard 6 dot per millimeter 
heads. 

EP-A-0 359292 describes an apparatus and a 
method for interpolating image signals. When the em- 
bodiment provides a 150 % enlarged picture, one pixel 
is added after two successive pixels are fed to the de- 
vice. In a modification of said embodiment the value of 
the added pixel is the average of the two previous pixels. 
This does not provide a smooth transition between low 
and high values at edges of the picture. 

In the manual The art of digital video - by John Wat- 
kinson of 1990 pages 180-182, the author teaches how 
to provide magnification or reduction of the sizes of a 
pixelized image. On page 182 it is stated that the multi- 
plied constant represent magnification. In order to pro- 
vide an image with a ratio of 1 50 % enlargment the con- 
stant has to be 0.67. It is stated, in reference to Fig. 5.39 
(d), that the fractional part is the phase of the necessary 
interpolation. This provision renders the device more 
complicated since a digital filter is necessary. 


Disclosure of the Invention 

The present invention is applicable to thermal print- 
ers and to any other printers which create images in the 

5 form of pixels of uniform size but of variable individual 
density It permits a graphic image composed of a suc- 
cession of lines having the same number of pixels each 
to be scaled both horizontally and vertically by a factor 
of substantially 1 .5 without altering the size of the pixels. 

10 in general, the invention replaces each 2 by 2 set of pix- 
els with a 3 by 3 set of pixels. Each 2 by 2 set consists 
of two immediately adjacent pixels from the same line 
and the two immediately adjacent pixels from the next 
succeeding line. The corner pixels of the 3 by 3 set are 

is identical to the four corner pixels of the 2 by 2 set. The 
intermediate pixels of the first and third lines of the 3 by 
3 set have densities, however, equal to the average of 
the densities of the two corner pixels on the same lines 
of the same set. The three pixels of the second line of 

20 the 3 by 3 set have densities equal to the respective av- 
erages of the densities of the pixels immediately adja- 
cent to them in the first and third lines. In this manner, 
the 1024 pixel by 1280 pixel graphic image is trans- 
formed into a 1536 by 1920 pixel graphic image. When 

25 printed by a thermal printer using a FAX head with 8 dot 
per millimeter resolution, the resulting image loses noth- 
ing of importance in the way of definition and is substan- 
tially equal in size to one printed with a standard head 
with 6 dot per millimeter resolution. 

30 More specifically, the invention enlarges such im- 
ages by selecting lines of the original image in succes- 
sive pairs and storing them in computer memory. Each 
of the stored lines in successive pairs is then scaled hor- 
izontally by generating an additional pixel between each 

35 pair of successive pixels in the same line, with each add- 
ed pixel having a density equal to the average of the 
densities of the immediately adjacent pixels in the same 
pair in the same line. A new line is generated in compu- 
ter memory to provide vertical expansion and each pixel 

40 of that line has a density which is equal to the average 
of the densities of the corresponding pixels in the two 
horizontally scaled lines of the pair. Finally, the three re- 
sulting lines in memory are read out in sequence, the 
initial one of the horizontally scaled lines first, the new 

45 |jne second, and the final one of the horizontally scaled 
lines third. When each pair of successive lines of the 
original image have been treated in this manner, an im- 
age scaled by a factor of substantially 1.5 results. As 
mentioned above, the final image loses nothing of sig- 

50 nificance in the way of definition. 

The general concept of the invention is claimed in 
independent claims 1 and 5 respectively. 

The invention may be more fully understood from 
the following detailed description of several specific em- 

55 bodiments, taken in the light of the accompanying draw- 
ing and the appended claims. 
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Brief Description of the Drawing 

FIG. 1 is an overall block diagram of a thermal print- 
ing system of the type to which the invention may 
be applied; 

FIG. 2 is a graphical illustration of the manner in 
which scaling accomplished in accordance with the 
invention; 

FIG. 3 illustrates typical flow of information, in em- 
bodiments of the invention, from input image to 
printer; 

FIG. 4 is a block diagram showing a typical micro- 
processor accessing pairs of pixels at respective 
memory locations and delivering a group of three 
pixels at respective memory locations; 
FIG. 5 is a flow chart illustrating details of how scal- 
ing is accomplished in accordance with the inven- 
tion with the aid of a microprocessor like that shown 
in FIG. 4; 

FIG. 6 is a block diagram of a hard wired circuit 
which may be used to accomplish the same scaling 
as the microprocessor illustrated in FIG. 4; and 
FIG. 7 is a block diagram illustrating how image ex- 
pansion may be accomplished within a thermal 
printer with internal buffer memory. 

Detailed Description 

The block diagram in FIG. 1 illustrates a prior art 
thermal printing svstem 11 and contains a source 13 of 
digital image data, a transmit control 1 5, and a thermal 
printer 17. Printer 17, in turn, includes a printing control 
1 9, a thermal print head 21 , a rotatabie platen 23, a drive 
motor 25 for platen 23, and electronic control circuitry in 
the form of a modulator 27. Modulator 27 is typically a 
semiconductor integrated circuit and includes one or 
more line buffers 29 and a clock circuit 31 . All of these 
components are well known in the art. 

In FIG. 1 , thermal print head 21 is typically made up 
of a plurality of resistive elements (not shown). These 
resistive elements are selectively energized by an array 
of drivers (not shown) controlled by an array of one bit 
latches (not shown), all within thermal head 21. Each 
latch is loaded by line buffers, which are in turn loaded 
with a sequence of binary values consisting of ones and 
zeros. The resulting line of bits is then captured by the 
latch array. When the latch array is enabled, the switch- 
es assume driving or non-driving conditions based upon 
the information that each latch receives from the shift 
register. 

In operation of a prior art thermal printing system of 
the type shown in FIG. 1, energization of the individual 
pixels is controlled by sequentially shifting bit lines of 
data into the print head, thereby changing the cumula- 
tive energy delivered to individual pixels after a series 
of data loads into thermal head 21. Since the heat en- 
ergy released in the resistive element is variable, a var- 
iable quantity of dye from a dye bearing web (not shown) 


4 

can be transferred to a dye receiving member com- 
posed of a composite of plastic and/or paper layers. 
When the energization of the pixels is controlled with 
accuracy, a near continuous tone image results. Drive 

5 motor 25 advances the dye receiver under thermal head 
21. The advance of the receiver is typically accom- 
plished by means of rotatabie platen 23. 

In many thermal printers of the type shown in FIG. 
1 , modulator 27 receives a single line of printed infor- 

10 mation in byte format. Modulator 27 contains internal 
clock 31 which controls the motion of drive motor 25. 
Motor 25 receives a series of pulses for each line of data 
to generate platen motion sufficient to create dimension- 
ally correct pixel data. At the same time, modulator 27 

is decodes the bytes of data into a series of bit lines which 
are sequentially loaded into printer head 21 , controlling 
the on time for each bitline of data. At the present time, 
such modulators typically generate up to 256 different 
levels (represented by bytes of 8 bits of data each) of 

20 color density for every line. 

Line buffers 29 in FIG. 1 typically include two sep- 
arate buffers, one which is active and one which is being 
loaded. In many printers a line of data, which can contain 
between 256 and 2048 or more bytes of data, is printed 

25 in from 10 to 30 milliseconds. For continuous printing, 
the data-receiving buffer in modulator 27 is supplied 
within this amount of time in order not to delay the print- 
ing. It is generally desirable that the printing be done 
continuously to prevent printing irregularities due to non- 
30 uniform platen motion. 

FIG. 2 illustrates the manner in which the present 
invention scales both horizontally and vertically a graph- 
ic image supplied to a thermal printer system like that 
shown in FIG. 1 . In FIG. 2, block 35 shows a sequence 

35 of lines of pixels, beginning with lines A and B. These 
lines are processed in pairs. In FIG. 2, the pixels of each 
line are shown numbered in sequence. In the interest of 
clarity, only 6 pixels are shown in each line although in 
practice there would be a great many more. From one 

40 point of view, each 2 by 2 set of pixels from lines A and 
B is replaced by a 3 by 3 set in block 37, providing both 
horizontal and vertical expansion. The corner pixels in 
each 3 by 3 block are the same and have the same den- 
sities as the comer pixels in the original 2 by 2 block. 

45 Between pixels 1 and 2 in each outer line of the 3 by 3 
block, though, a new pixel has been generated and in- 
troduced which has a density equal to the average of 
the densities of pixels 1 and 2. A similar insertion takes 
place between pixels 3 and 4 and between pixels 5 and 

so 6. The center line of pixels in block 37 is newly generated 
and is made up of individual pixels each having a density 
equal to the average of the densities of its immediate 
neighbors in the outer lines. Thus the pixel between pix- 
els 1 and 1 has a density equal to their average density, 

55 the pixel between the next newly generated outer (in the 
vertical sense) pixels has a density equal to their aver- 
age density, the pixel between pixels 2 and 2 has a den- 
sity equal to their average density, and so on. Shadings 
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39 and 41 are used in FIG. 2 to show that the inserted 
pixels with the darker shadings result from horizontal in- 
terpolation, while those with the lighter shadings result 
from vertical interpolation. 

From another point of view, in the process shown in 
FIG. 2, the first input line processed is stored in memory 
and used as the basis for generating a new line in which 
a new pixel has been inserted between the pixels com- 
prising each successive pair of pixels in that line. Each 
newly interpolated pixel has a density equal to the av- 
erage of those of its immediate neighbors in the original 
pair. The second input line processed is also stored in 
memory and the process repeats. Before readout takes 
place, though, a third and entirely new line is generated 
and each of its pixels has a density equal to the average 
of its immediately adjacent neighbors in the other two 
lines. The first line stored is then read out of memory 
first, the newly generated line second, and the second 
line stored is read out last. 

FIG. 3 illustrates typical flow of information in printer 
systems making use of the invention. There, lines of pix- 
els from an original image are entered in sequential 
pairs 47. These pairs are then subjected to a horizontal 
and vertical expansion process 49 in accordance with 
the invention, with each pair emerging as a set of three 
lines, as shown in the line sequence labeled 51. The 
expanded lines 51 are then read into the printer by proc- 
ess step 53 and supplied sequentially to the line buffer 
in a modulator 55. From the line buffer, they are supplied 
to the thermal print head 57, which prints a scaled image 
as the process continues with subsequent pairs of input 
lines. The logic involved in the illustrated scaling may 
be accomplished either with the aid of a general purpose 
microprocessor or by hard wired logic circuitry created 
for that purpose alone. 

FIG. 4 is a simplified block diagram consisting of a 
microprocessor 61 suitable for use in enlarging images 
in accordance with the invention. In FIG. 4, microproc- 
essor 61 is shown as accessing two pixels from memory 
locations 63 and 65 and outputting three pixels to mem- 
ory locations 67, 69, and 71 . In accordance with the in- 
vention, incoming lines of pixels are supplied to micro- 
processor 61 in successive pairs, with the first line (LINE 
1 ) of each pair supplied from memory location 63 and 
the second (LINE 2) from memory location 65. The three 
resulting lines of pixels (LINES 1 , 2, and 3) are read out 
of microprocessor 61 in sequence to memory locations 
67, 69, and 71, providing both horizontal and vertical 
expansion. 

FIG. 5 is a flowchart illustrating operation of micro- 
processor 61 in FIG. 4 during the image enlargement 
process. Start symbol 81 denotes the beginning of the 
process. A first pair of pixels from input LINE 1 is read 
into microprocessor 61 in step 83 from memory location 
63. Microprocessor 61 creates a new pixel, the density 
of which is equal to the average of the densities of the 
pixels constituting the pair, in step 85. The three pixels 
read to LINE 1 memory location 67 in step 87 are, in 


sequence, the first pixel of the original pair, the new av- 
eraged pixel, and the second pixel of the original pair. 
At that point, inquiry is made in step 89 whether there 
are more pairs of pixels to be processed in LINE 1 of the 
5 original image. As shown, the process cycles through 
steps 83, 85, and 87 until the entirety of LINE 1 has been 
processed and appears as horizontally expanded LINE 

1 in memory location 67. 
When processing of the first line of the image is 

complete, the process moves on to step 91 , where the 
first two pixels from input LINE 2 are read into micro- 
processor 61. Microprocessor 61 then, in step 93, cre- 
ates a new pixel, the density of which is equal to the 
average of the density of the pixels of the incoming pair. 
In step 95, microprocessor 61 reads out to memory lo- 
cation 71 , in sequence, the first pixel of the original pair, 
the new averaged pixel, and the second pixel of the orig- 
inal pair. Step 97 determines whether there are more 
pairs of pixels to be processed in input LINE 2 of the 
original image. As shown, the process cycles through 
steps 91 , 93, and 95 until the entirety of LINE 2 has been 
processed and appears as horizontally expanded LINE 
3 memory location 71 . 

The remainder of the process illustrated in FIG. 5 
creates, as LINE 2 in memory location 69, a new line of 
pixels, each of which has a density equal to the average 
of the densities of the most nearly adjacent pixels of new 
LINE 1 and LINE 3. In step 99, microprocessor 61 re- 
ceives the first pixels from each of horizontally expand- 
ed LINES 1 and 3. An average of those is created in 
step 101 , with the newly created pixel being an average 
of the pixels of horizontally expanded LINES 1 and 3. 
Step 103 sends the newly created pixel as part of LINE 

2 to memory location 69, while step 105 determines 
whether there are more groups of three pixels to be 
processed in horizontally expanded LINES 1 and 3. As 
shown, the process cycles through steps 99, 101, and 
103 until the entirety of new LINES 1 and 3 has been 
processed and the new line of pixels appears as LINE 
2 at memory location 69 to provide vertical expansion 
for the image. 

Finally, in the FIG. 5 flow chart, step 107 is reached 
when LINES 1, 2, and 3 have been built. It is to be un- 
derstood, of course, that the entire process then begins 
again at start 81 and continues until each pair of lines 
of pixels in the original image has been processed. 

FIG. 6 is a block diagram of a hardware implemen- 
tation which performs the image expansion provided by 
the invention and is an alternative to the microprocessor 
implementation illustrated in FIGS. 4 and 5. FIG. 6 
shows an expander 121 which is composed of, as its 
principal components, two latch circuits 123 and 125, 
two sequence control circuits 1 27 and 1 29, two averag- 
ing circuits 1 31 and 1 33, two shift registers 1 35 and 1 39, 
and a clock sequence circuit 141. Incoming image data 
bytes representing sequential pixels, each in the form 
of a signal (n), from a first line of pixels enter at an input 
terminal 143 and are supplied to the input side of latch 
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circuit 123. Latch circuit 123 has two outputs 145 and 
147. Each byte entering from terminal 143 is shifted 
through output 147 to the input of latch circuit 125 under 
the command of a clock signal generated by clock se- 
quence circuit 1 23 and is, at the same time, made avail- 
able through output 145 to an input of sequence control 
circuit 127. When the next data byte enters latch circuit 
123, the process is repeated. The respective bytes ap- 
pearing at outputs 145 and 147 are supplied to respec- 
tive inputs of averaging circuit 131. Averaging circuit 
1 31 , in turn, has an output 149. With every clock pulse, 
the outputs of latch circuits 123 and 125 are thus aver- 
aged and supplied to sequence control circuit 127 as a 
signal (a). Sequence control circuit 127 is simply a logic 
circuit controlling the order in which it supplies outgoing 
data bytes. It thus sequentially transfers to an output 151 
the first of two bytes (n), then the averaged value (a), 
and finally the second of the two bytes (n) to perform a 
horizontal expansion. 

In the next segment of FIG. 6, the horizontally ex- 
panded succession of bytes from output 151 is trans- 
ferred to shift register 1 35, which stores the data bytes 
constituting one fully expanded print line. The operation 
of shift register 135 is timed by clock pulses supplied 
from an internal clock source 153. The output 155 of shift 
register 1 35 is supplied both to an input of sequence 
control circuit 129 and to an input of averaging circuit 
133. The output 157 of shift register 133 is supplied to 
the input of shift register 1 39. The operation of shift reg- 
ister 139 is timed by clock pulses supplied from an in- 
ternal clock source 161 . The output 155 of shift register 
1 35 and the output 1 65 of shift register 1 39 are both 
supplied to inputs of sequence control circuit 129. 

Data bytes from output 155 of shift register 1 35 and 
from output 151 of sequence control circuit 1 27 are thus 
both supplied to averaging circuit 133. In this manner, 
as data bytes are fed into shift register 135, the same 
information is averaged with the bytes leaving shift reg- 
ister 135 by averaging circuit 133. The resulting data 
generated by averaging circuit 1 33 are equivalent to an 
average between the first and second lines of horizon- 
tally expanded data appearing at output 151 of se- 
quence control circuit 127. The average of every two 
lines is stored in shift register 139. 

The hardware implementation shown in FIG. 6 is 
completed by an output terminal 167 of sequence con- 
trol circuit 129, an input to clock sequence circuit 141 
from a master clock (not shown), an optional printer syn- 
chronizing signal input 171 to clock sequence circuit 
1 41 , three internal clock outputs 1 73, 1 75, and 1 77 from 
clock sequence circuit 141, a strobe input 179 to clock 
sequence circuit 141, and a ready for data output 181 
from clock sequence circuit 141 . Clock output 173 pro- 
vides control signals for internal clock source 1 53, clock 
output 175 provides control signals for internal clock 
source 159, and clock output 177 provides control sig- 
nals for internal clock source 161 . 

In operation, as shift registers 1 35 and 1 39 are be- 
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ing filled, lines of data are delivered through terminal 1 67 
under the control of sequence control circuit 129, which 
produces output data lines in triplets from shift registers 
1 35 and 1 39 while pairs or doublets of data lines are fed 
s into expander 121. The data input line waits for an av- 
eraged line to be delivered between every two lines of 
data as the latter are fed into the expander at input ter- 
minal 143. The master clock operates more rapidly than 
the input data rate by a factor of at least 2.25. 
10 Each of the shift registers and latches in expander 
121 is controlled by the master clock through clock se- 
quence circuit 141. The master clock signal is proc- 
essed into a series of internal clock inputs 1 53, 1 59, and 
161 by clock sequence circuit 141. These sub-clocks 
is provide the asynchronous data shifting needed for the 
expansion process. In addition, expander 121 depends 
upon a continued flow of data from external compo- 
nents. This control is provided by terminals 179 and 181 
of clock sequence circuit 141. Output terminal 181 indi- 
cates when expander 1 21 is ready for data and changes 
state to inform external circuitry (not shown) to load input 
terminal 143 with a new element of data. The external 
circuitry informs clock sequence circuit 141 when the 
data can be read in by changing the state of a strobe 
signal at input terminal 179. If the data are being fed out 
of expander 1 21 to the head of a thermal printer without 
intermediate storage, clock sequence circuit can be fit- 
ted with an additional input 1 71 that allows for synchro- 
nization of the data output to the thermal printing proc- 
ess. 

The block diagram of FIG. 7 shows how image ex- 
pansion in accordance with the invention may take place 
in a thermal printer with buffer memory. FIG. 7 generally 
follows the pattern of FIG. 1 and illustrates a thermal 
printing system 211 containing a source 213 of digital 
image data, a transmit control 215, and a thermal printer. 
217. Printer 217 includes a printing control 219, a ther- 
mal print head 221 , a rotatable platen 223, a drive motor 
225 for platen 223, and electronic control circuitry in the 
form of a modulator 227. Modulator 227 is typically a 
semiconductor integrated circuit and includes at least 
one line buffer 229 and a clock circuit 231 . 

Where the block diagram of FIG. 7 differs from that 
on FIG. 1 is that in FIG. 7 thermal printer 217 also in- 
cludes scaling circuitry 233 and a memory buffer 235. 
Scaling circuitry 233 may take the form of either the mi- 
croprocessor circuitry described in connection with 
FIGS. 4 and 5 or the dedicated hardware circuitry de- 
scribed in connection with FIG. 6. Alternatively, both 
scaling circuitry 233 and memory buffer 235 may be lo- 
cated outside of printer 217. 


Claims 

1. A method of enlarging, with a magnification value 
of 1 50 %, an image composed of a plurality of suc- 
cessive lines of the same number of pixels without 
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altering the size of each pixel comprising the steps 
of: 

replacing each 2 by 2 set of four pixels with a 3 
by 3 set of nine pixels, where each 2 by 2 set s 
consists of two immediately adjacent pixels 
from the same line and the two immediately ad- 
jacent pixels from the next succeeding line and 
the corner pixels of the 3 by 3 set are, the same 
as the corresponding pixels of the 2 by 2 set; 10 
making the densities of the intermediate pixels 
of the first line of the 3 by 3 set equal to the 
average of the densities of the corner pixels on 
the same line; 

making the densities of the intermediate pixels is 
of the third line of the 3 by 3 set equal to the 
average of the densities of the corner pixels on 
the same line; 

making the densities of the pixels of the second 
line of the 3 by 3 set equal to the respective 20 
average densities of the immediately adjacent 
pixels on the first and third lines; and 
putting said 3 by 3 sets together in such a man- 
ner that the corresponding corner pixels of 
neighbouring 3 by 3 sets are directly adjacent 25 
to each other both in a horizontal and vertical 
direction. 

The method according to claim 1 comprising the 
steps of: 30 

selecting said lines in successive pairs and 
storing both lines of each pair in memory; 
scaling both of said stored lines horizontally by 
generating an additional pixel between each 35 
pair of successive pixels in the same line, each 
of said additional pixels having a density equal 
to the average of densities of the immediately 
adjacent pixels in the same line; 
generating in memory a third line each pixel of 40 
which is equal in density to the average of the 
densities of the corresponding pixels in each of 
said horizontally scaled lines; and 
reading out of memory in sequence to provide 
vertical scaling, the first of the horizontally 45 
scaled pair of lines, the third line generated in 
memory, and the second of the horizontally 
scaled pair of lines. 

The method according to claim 2 comprising the so 
steps of: 

processing said lines in successive pairs of odd 
and even numbered lines; 

selecting the odd numbered line of each pair S5 
and scaling it horizontally by generating an ad- 
ditional pixel between each pair of successive 
pixels in the same line, each of said additional 


pixels having a density equal to the average of 
the densities of the immediately adjacent pixels 
in the same line; 

selecting the even numbered line of each pair 
and scaling it horizontally by generating an ad- 
ditional pixel between each pair of successive 
pixels in the same line, each of said additional 
pixels having a density equal to the average of 
the densities of the immediately adjacent pixels 
in the same line; 

generating for each pair a new line, each pixel 
of which is equal to the average of the corre- 
sponding pixels in the scaled odd and even 
numbered lines; 

reading out in sequence to provide vertical scal- 
ing, first the horizontally scaled odd numbered 
line, second said new line, and third the hori- 
zontally scaled even numbered line. 

4. The method according to claim 1 comprises the 
steps of: 

selecting the odd numbered line of each pair 
and storing it in memory; 
scaling the selected odd numbered line in 
memory horizontally by generating an addition- 
al pixel between each pair of successive pixels 
in the same line, each of said additional pixels 
having a density equal to the average of the 
densities of the immediately adjacent pixels in 
the same line; 

selecting the even numbered line of each pair 
and storing it in memory; 
scaling the selected even numbered line in 
memory horizontally by generating an addition- 
al pixel between each pair of successive pixels 
in the same line, each of said additional pixels 
having a density equal to the average of the 
densities of the immediately adjacent pixels in 
the same line; 

generating in memory for each pair a new line, 
each pixel of which has a density equal to the 
average of the densities of the corresponding 
pixels in the scaled odd and even numbered 
lines; and 

reading out of memory in sequence to provide 
vertical scaling, first the horizontally scaled odd 
numbered line, second said new line, and third 
the horizontally scaled even numbered line. 

5. An arrangement for enlarging, with a magnification 
value of 1 50 %, an image composed of a plurality 
of successive lines of the same number of pixels 
without altering the size of each pixel, said arrange- 
ment comprising: 

means for replacing each 2 by 2 set of four pix- 
els with a 3 by 3 set of nine pixels, where each 
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2 by 2 set consists of two immediately adjacent 
pixels from the same line and the two immedi- 
ately adjacent pixels from the next succeeding 
line and the comer pixels of the 3 by 3 set are 
the same as the corresponding pixels of the 2 s 
by 2 set; 

means for making the densities of the interme- 
diate pixels of the first line of the 3 by 3 set equal 
to the average of the densities of the comer pix- 
els on the same line; io 
means for making the densities of the interme- 
diate pixels of the third line of the 3 by 3 set 
equal to the average of the densities of the cor- 
ner pixels on the same line; 

means for making the densities of the pixels of 15 
the second line of the 3 by 3 set equal to the 
respective average densities of the immediate- 
ly adjacent pixels on the first and third lines; and 
means for putting said 3 by 3 sets together in 
such a manner that the corresponding corner 20 
pixels of neighbouring 3 by 3 sets are directly 
adjacent to each other both in a horizontal and 
vertical direction. 

6. The arrangement according to claim 5, further 2s 
comprising : 

a memory for temporary data storage; 
means for selecting said lines in successive 
pairs and storing both lines of each pair in said 30 
memory; 

means for scaling both of said stored lines hor- 
izontally by generating an additional pixel be- 
tween each pair of successive pixels in the 
same line, each of said additional pixels having 35 
a density equal to the average of densities of 
the immediately adjacent pixels in the same 
line; 

means for generating in said memory a third 
line each pixel of which is equal in density to 40 
the average of the densities of the correspond- 
ing pixels in each of said scaled lines; and 
means for reading out of said memory in se- 
quence to provide vertical scaling, the first of 
the horizontally scaled pair of lines, the third 45 
line generated in said memory, and the second 
of the horizontally scaled pair of lines. 

7. The arrangement according to claim 6, further 
comprising : so 

means for processing said lines in successive 
pairs of odd and even numbered lines; 
means for selecting the odd numbered line of 
each pair and scaling it horizontally by gener- ss 
ating an additional pixel between each pair of 
successive pixels in the same line, each of said 
additional pixels having a density equal to the 


average of the densities of the immediately ad- 
jacent pixels in the same line; 
means for selecting the even numbered line of 
each pair and scaling it horizontally by gener- 
ating an additional pixel between each pair of 
successive pixels in the same line, each of said 
additional pixels having a density equal to the 
average of the densities of the immediately ad- 
jacent pixels in the same line; 
means for generating for each pair a new line, 
each pixel of which is equal to the average of 
the corresponding pixels in the scaled odd and 
even numbered lines; 

means for reading out in sequence to provide 
vertical scaling, first the horizontally scaled odd 
numbered line, second said new line, and third 
the horizontally scaled even numbered line. 

8. The arrangement according to the claims 5-7 which 
consists substantially of a microprocessor. 

9. The arrangement according to the claims 5-7 which 
consists substantially of dedicated logic circuitry. 


Patentanspruche 

1 . Verfahren zum VergroGem eines Bildes, das aus ei- 
ner Vielzahl von aufeinanderfolgenden Zeilen der 
gleichen Anzahl von Pixeln besteht, mit einem Ver- 
groBerungsfaktor von 150 %, ohne die GroBe der 
Pixel zu verandern, wobei das Verfahren folgende 
Schritte umfaBt: 

Ersetzen jeder 2x2 Gruppe aus vier Pixeln 
durch eine 3x3 Gruppe aus neun Pixeln, wobei 
jede 2x2 Gruppe aus zwei unmittelbar benach- 
barten Pixeln in derselben Zeile und den beiden 
unmittelbar benachbarten Pixeln der nachfol- 
genden Zeile besteht, wahrend die Eckenpixel 
der 3x3 Gruppe die gleichen wie die entspre- 
chenden Pixel der 2 x 2 Gruppe sind; 

Erzeugen einer Pixeldichte fur die dazwischen- 
liegenden Pixel der ersten Zeile der 3 x 3 Grup- 
pe, die dem Durchschnitt der Dichten der Ek- 
kenpixel derselben Zeile entspricht; 

Erzeugen einer Pixeldichte fur die dazwischen- 
liegenden Pixel der dritten Zeile der 3x3 Grup- 
pe, die dem Durchschnitt der Dichten der Ek- 
kenpixel derselben Zeile entspricht; 

Erzeugen einer Pixeldichte fur die zweite Zeile 
der 3x3 Gruppe, die den jeweiligen Durch- 
schnittsdichten der unmittelbar benachbarten 
Pixel der ersten und dritten Zeile entspricht; 
und 
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Zusammenfuhren der 3x3 Gruppen derart, 
daB die entsprechenden Eckenpixel benach- 
barter 3x3 Gruppen sowohl in horizontals r als 
auch in vertikaler Richtung direkt nebeneinan- 
derliegen. s 

Verfahren nach Anspruch 1 mitfotgenden Schritten: 

Auswahlen der Zeilen in aufeinanderfolgenden 
Paaren und Speichern der beiden Zeilen jedes 10 
Paars in einem Speicher; 

horizontales Skalieren der beiden gespeicher- 
ten Zeilen durch Erzeugen eines zusatzlichen 
Pixels zwischen jedem Paar aufeinanderfol- is 
gender Pixel in derselben Zeile, wobei jedes 
der zusatzlichen Pixel eine Dichte aufweist, die 
den Durchschnittsdichten der unmittelbar be- 
nachbarten Pixel in derselben Zeile entspricht; 

20 

Erzeugen einer dritten Zeile im Speicher, in der 
die Dichte jedes Pixels dem Durchschnitt der 
Dichten der entsprechenden Pixel in jeder der 
horizontal skalierten Zeilen entspricht; und 

25 

Auslesen aus dem Speicher nacheinander der 
ersten Zeile des horizontal skalierten Zeilen- 
paars, der dritten, im Speicher erzeugten Zeile, 
und der zweiten Zeile des horizontal skalierten 
Zeilenpaars, um vertikales Skalieren zu bewir- 30 
ken. 

Verfahren nach Anspruch 2 mitfolgenden Schritten: 

Verarbeiten der Zeilen in aufeinanderfolgenden 35 
Paaren ungeradzahliger und geradzahliger 
Zeilen; 

Auswahlen der ungeradzahligen Zeile jedes 
Paars und horizontales Skalieren derselben 40 
durch Erzeugen eines zusatzlichen Pixels zwi- 
schen jedem Paar aufeinanderfolgender Pixel 
in derselben Zeile, wobei jedes der zusatzli- 
chen Pixel eine Dichte aufweist, die dem 
Durchschnitt der Dichten der unmittelbar be- 45 
nachbarten Pixel in derselben Zeile entspricht; 

Auswahlen der geradzahligen Zeile jedes 
Paars und horizontales Skalieren derselben 
durch Erzeugen eines zusatzlichen Pixels zwi- 50 
schen jedem Paar aufeinanderfolgender Pixel 
in derselben Zeile, wobei jedes der zusatzli- 
chen Pixel eine Dichte aufweist, die dem 
Durchschnitt der Dichten der unmittelbar be- 
nachbarten Pixel in derselben Zeile entspricht; 55 

Erzeugen einer neuen Zeile fur jedes Paar, in 
der jedes Pixel dem Durchschnitt der entspre- 


chenden Pixel in den skalierten ungeradzahli- 
gen und geradzahligen Zeilen entspricht; und 

Auslesen in folgender Reihenfolge: erstens, die 
horizontal skalierte ungeradzahlige Zeile, zwei- 
tens, die neue Zeile, und drittens, die horizontal 
skalierte geradzahlige Zeile, um ein vertikales 
Skalieren zu bewirken. 

4. Verfahren nach Anspruch 1 mit folgenden Schritten: 

Auswahlen der ungeradzahligen Zeile jedes 
Paars und Speichern derselben im Speicher; 

horizontales Skalieren der ausgewahlten unge- 
radzahligen Zeile im Speicher durch Erzeugen 
eines zusatzlichen Pixels zwischen jedem Paar 
aufeinanderfolgender Pixel in derselben Zeile, 
wobei jedes der zusatzlichen Pixel eine Dichte 
aufweist, die dem Durchschnitt der Dichten der 
unmittelbar benachbarten Pixel in derselben 
Zeile entspricht; 

Auswahlen der geradzahligen Zeile jedes 
Paars und Speichern derselben im Speicher; 

horizontales Skalieren der ausgewahlten ge- 
radzahligen Zeile im Speicher durch Erzeugen 
eines zusatzlichen Pixels zwischen jedem Paar 
aufeinanderfolgender Pixel in derselben Zeile, 
wobei jedes der zusatzlichen Pixel eine Dichte 
aufweist, die dem Durchschnitt der Dichten der 
unmittelbar benachbarten Pixel in derselben 
Zeile entspricht; 

Erzeugen im Speicher einer neuen Zeile fur je- 
des Paar, in der jedes Pixel eine Dichte auf- 
weist, die dem Durchschnitt der Dichten der 
entsprechenden Pixel in den ungeradzahligen 
und geradzahligen Zeilen entspricht; und 

Auslesen aus dem Speicher in folgender Rei- 
henfolge: erstens, die horizontal skalierte un- 
geradzahlige Zeile, zweitens, die neue Zeile, 
und drittens, die horizontal skalierte geradzah- 
lige Zeile, um ein vertikales Skalieren zu bewir- 
ken. 

5. Anordnung zum Vergroftern eines Bildes, das aus 
einer Vielzahl von aufeinanderfolgenden Zeilen der 
gleichen Anzahl von Pixeln besteht, mit einem Ver- 
groBerungsfaktor von 150 %, ohne die GroBe der 
Pixel zu verandern, wobei die Anordnung folgende 
Komponenten umfaBt: 

Mittel zum Ersetzen jeder 2 x 2 Gruppe aus vier 
Pixeln durch eine 3x 3 Gruppe aus neun Pixeln, 
wobei jede 2x2 Gruppe aus zwei unmittelbar 
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benachbarten Pixeln in derselben Zeile und 
den beiden unmittelbar benachbarten Pixeln 
der nachfolgenden Zeile besteht, wahrend die 
Eckenpixel der 3 x 3 Gruppe die gleichen wie 
die entsprechenden Pixel der 2 x 2 Gruppe s 
sind; 

Mittel zum Erzeugen einer Pixeldichte fur die 
dazwischenliegenden Pixel der ersten Zeile der 
3x3 Gruppe, die dem Durchschnitt der Dichten 10 
der Eckenpixel derselben Zeile entspricht; 

Mittel zum Erzeugen einer Pixeldichte fur die 
dazwischenliegenden Pixel derdritten Zeile der 
3 x 3 Gruppe, die dem Durchschnitt der Dichten *5 
der Eckenpixel derselben Zeile entspricht; 

Mittel zum Erzeugen der Pixeldichten der zwei- 
ten Zeile der 3x3 Gruppe, die den jeweiligen 
Durchschnittsdichten der unmittelbar benach- 20 
barten Pixel der ersten und dritten Zeile ent- 
sprechen; und 

Mittel zum Zusammenfuhren der 3x 3 Gruppen 
derart, daG die entsprechenden Eckenpixel be- 2s 
nachbarter 3x3 Gruppen sowohl in horizonta- 
ler als auch in vertikaler Richtung direkt neben- 
einanderliegen. 

Anordnung nach Anspruch 5, gekennzeichnet 30 
durch 

einen Speicher fur vorubergehende Datenspei- 
cherung; 

35 

Mittel zum Auswahlen der Zeilen in aufeinan- 
derfolgenden Paaren und Speichern der bei- 
den Zeilen jedes Paars im Speicher; 

Mittel zum horizontalen Skalieren der beiden 40 
gespeicherten Zeilen durch Erzeugen eines zu- 
satzlichen Pixels zwischen jedem Paar aufein- 
anderfolgender Pixel in derselben Zeile, wobei 
jedes der zusatzlichen Pixel eine Dichte auf- 
weist, die dem Durchschnitt der Dichten der un- 45 
mittelbar benachbarten Pixel in derselben Zeile 
entspricht; 

Mittel zum Erzeugen einerdritten Zeile im Spei- 
cher, in der die Dichte jedes Pixels dem Durch- so 
schnitt der Dichten der entsprechenden Pixel 
in jederder skalierten Zeilen entspricht; und 

Mittel zum Auslesen aus dem Speicher nach- 
einander der ersten Zeile des horizontal ska- ss 
lierten Zeilenpaars, der dritten, im Speicher er- 
zeugten Zeile, und der zweiten Zeile des hori- 
zontal skalierten Zeilenpaars, um vertikales 


Skalieren zu bewirken. 

7. Anordnung nach Anspruch 6, gekennzeichnet 
durch 

Mittel zum Verarbeiten der Zeilen in aufeinan- 
derfolgenden Paaren ungeradzahliger und ge- 
radzahliger Zeilen; 

Mittel zum Auswahlen der ungeradzahligen 
Zeile jedes Paars und horizontales Skalieren 
derselben durch Erzeugen eines zusatzlichen 
Pixels zwischen jedem Paar aufeinanderfol- 
gender Pixel in derselben Zeile, wobei jedes 
der zusatzlichen Pixel eine Dichte aufweist, die 
dem Durchschnitt der Dichten der unmittelbar 
benachbarten Pixel in derselben Zeile ent- 
spricht; 

Mittel zum Auswahlen der geradzahligen Zeile 
jedes Paars und horizontales Skalieren dersel- 
ben durch Erzeugen eines zusatzlichen Pixels 
zwischen jedem Paaraufeinanderfolgender Pi- 
xel in derselben Zeile, wobei jedes der zusatz- 
lichen Pixel eine Dichte aufweist, die dem 
Durchschnitt der Dichten der unmittelbar be- 
nachbarten Pixel in derselben Zeile entspricht; 

Mittel zum Erzeugen einer neuen Zeile fur je- 
des Paar, in der jedes Pixel dem Durchschnitt 
der entsprechenden Pixel in den skalierten un- 
geradzahligen und geradzahligen Zeilen ent- 
spricht; und 

Mittel zum Auslesen in folgender Reihenfolge: 
erstens, die horizontal skalterte ungeradzahli- 
ge Zeile, zweitens, die neue Zeile, und drittens, 
die horizontal skalierte geradzahlige Zeile, um 
ein vertikales Skalieren zu bewirken. 

8. Anordnung nach den Anspruchen 5 - 7, die im we- 
sentlichen aus einem Mikroprozessor besteht. 

9. Anordnung nach den Anspruchen 5 - 7, die im we- 
sentlichen aus einer angepaBten Logikschaltung 
besteht. 


Revendications 

1 . Precede pour agrandir, avec une valeur d'agrandis- 
sement de 150 %, une image constitute d'une plu- 
rality de lignes successives du meme nombre de 
pixels sans modifier la taille de chaque pixel com- 
prenant les etapes consistant a : 

remplacer chaque ensemble 2 par 2 de quatre 
pixels avec un ensemble 3 par 3 de neuf pixels, 
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ou chaque ensemble 2 par 2 est constitue de 
deux pixels immediatement adjacents de la 
meme ligne et des deux pixels immediatement 
adjacents de la ligne immediatement suivante 
et les pixels de coins de I'ensemble 3 par 3 sont 5 
les memes que les pixels correspondants de 
I'ensemble 2 par 2 ; 

etablir les densites des pixels intermediates de 
la premiere ligne de I'ensemble 3 par 3 egales 
a la moyenne des densites des pixels de coins io 
sur la meme ligne ; 

etablir les densites des pixels intermediates de 
la troisieme ligne de I'ensemble 3 par 3 egales 
a la moyenne des densites des pixels de coins 
sur la meme ligne ; « 
etablir les densites des pixels de la seconde li- 
gne de I'ensemble 3 par 3 egales aux densites 
moyennes respectives des pixels immediate- 
ment adjacents sur les premiere et troisieme 
lignes ; et 20 
placer lesdits ensembles 3 par 3 d'une maniere 
telle que les pixels de coins correspondants 
des ensembles 3 par 3 voisins sont directement 
adjacents Tun a Pautre a la fois dans la direction 
horizontale et dans la direction verticale. 25 

Precede selon la revendication 1 comprenant les 
etapes consistant a : 

selectionner lesdites lignes en paires succes- 30 
sives et memoriser les deux lignes de chaque 
paire en memoire ; 

mettre a Pechelle les deux lignes memorisees 
horizontalement en produisant un pixel supple- 
mental entre chaque paire de pixels succes- 35 
sifs dans la meme ligne, chacun desdits pixels 
supplementaires presentant une densite egale 
a la moyenne des densites des pixels immedia- 
tement adjacents dans la meme ligne ; 
produire dans une memoire, une troisieme li- 40 
gne dont la densite de chaque pixel est egale 
a la moyenne des densites des pixels corres- 
pondants dans chaque ligne desdites lignes 
horizontalement mises a Pechelle ; et 
extraire de la memoire en sequence afin d'as- 45 
surer la mise a Pechelle verticale, la premiere 
ligne de la paire de lignes horizontalement mi- 
ses a Pechelle, la troisieme ligne produite en 
memoire et la seconde ligne de ladite paire ho- 
rizontalement mise a Pechelle de lignes. 50 

Precede selon la revendication 2 comprenant les 
etapes consistant a : 

traiter lesdites lignes en paires successives de 55 
lignes numerotees impaire et paire ; 
selectionner la ligne numerotee impaire de cha- 
que paire et la mettre a Pechelle horizontale- 


ment en produisant un pixel supplemental 
entre chaque paire des pixels successifs dans 
la meme ligne, chacun desdits pixels supple- 
mentaires presentant une densite egale a la 
moyenne des densites des pixels immediate- 
ment adjacents dans la meme ligne ; 
selectionner la ligne numerotee paire de cha- 
que paire et la mettre a Pechelle horizontale- 
ment en produisant un pixel supplementaire 
entre chaque paire des pixels successifs dans 
la meme ligne, chacun desdits pixels supple- 
mentaires presentant une densite egale a la 
moyenne des densites des pixels immediate- 
ment adjacents dans la meme ligne ; 
produire pour chaque paire, une nouvelle ligne 
dont chaque pixel est egal a la moyenne des 
pixels correspondants dans les lignes mises a 
Pechelle numerotees impaire et paire ; 
extraire en sequence afin d'assurer la mise a 
Pechelle verticale, la premiere ligne numerotee 
impaire mise a Pechelle horizontalement, ladite 
seconde nouvelle ligne et la troisieme ligne nu- 
merotee paire mise a Pechelle horizontalement. 

4. Procede selon la revendication 1 comprenant les 
etapes consistant a : 

selectionner la ligne numerotee impaire de cha- 
que paire et la memoriser en memoire ; 
mettre a Pechelle horizontalement la ligne nu- 
merotee impaire selectionnee en memoire en 
produisant un pixel supplementaire entre cha- 
que paire des pixels successifs dans la meme 
ligne, chacun desdits pixels supplementaires 
presentant une densite egale a la moyenne des 
densites des pixels immediatement adjacents 
dans la meme ligne ; 

selectionner la ligne numerotee paire de cha- 
que paire et la memoriser en memoire ; 
mettre a Pechelle horizontalement la ligne nu- 
merotee paire selectionnee en memoire en pro- 
duisant un pixel supplementaire entre chaque 
paire des pixels successifs dans la meme ligne, 
chacun desdits pixels supplementaires presen- 
tant une densite egale a la moyenne des den- 
sites des pixels immediatement adjacents dans 
la meme ligne ; 

produire en memoire pour chaque paire, une 
nouvelle ligne dont chaque pixel presente une 
densite egale a la moyenne des densites des 
pixels correspondants dans les lignes mises a 
Pechelle numerotees impaire et paire ; et 
extraire de la memoire en sequence afin d'as- 
surer la mise a Pechelle verticale, la premiere 
ligne numerotee impaire mise a Pechelle hori- 
zontalement, ladite seconde nouvelle ligne et 
la troisieme ligne numerotee paire mise a 
Pechelle horizontalement. 
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5. Dispositif pour agrandir, avec une valeur d'agran- 
dissement de 150 %, une image constitute d'une 
plurality de lignes successives du meme nombre de 
pixels sans modifier la tailie de chaque pixel, ledit 
dispositif comprenant : s 

un moyen pour remplacer chaque ensemble 2 
par 2 de quatre pixels par un ensemble 3 par 3 
de neuf pixels, ou chaque ensemble 2 par 2 est 
constitue des deux pixels imm6diatement adja- 10 
cents de la meme ligne et des deux pixels im- 
mediatement adjacents de la ligne immediate- 
ment suivante et les pixels de coins de Pensem- 
ble 3 par 3 sont les memes que les pixels cor- 
respondents de Pensemble 2 par 2 ; is 
un moyen pour etablir les densites des pixels 
intermediaires de la premiere ligne de Pensem- 
ble 3 par 3 egales a la moyenne des densites 
des pixels de coins sur la meme ligne ; 
un moyen pour etablir les densites des pixels 20 
intermediaires de la troisieme ligne de Pensem- 
ble 3 par 3 egales a la moyenne des densites 
des pixels de coins sur la meme ligne ; 
un moyen pour etablir les densites des pixels 
de la seconde ligne de Pensemble 3 par 3 ega- 25 
les aux densites moyennes respectives des 
pixels imm6diatement adjacents sur les pre- 
miere et troisieme lignes ; et 
un moyen pour placer lesdits ensembles 3 par 
3 d'une maniere telle que les pixels de coins 30 
correspondants des ensembles 3 par 3 voisins 
sont directement adjacents Pun a Pautre dans 
la direction a la fois horizontale et a la fois ver- 
ticale. 

35 

6. Dispositif selon la revendication 5, comprenant de 
plus : 

une nrtemoire pour memorisation temporaire 
des donn6es ; 40 
un moyen pour selectionner lesdites lignes en 
paires successives et m6moriser lesdites deux 
lignes de chaque paire dans ladite memoire ; 
un moyen pour mettre a Pechelle horizontale- 
ment les deux dites lignes m6moris6es en pro- 45 
duisant un pixel supplemental entre chaque 
paire de pixels successifs dans la meme ligne, 
chacun desdits pixels suppiementaires presen- 
tant une densite egale a la moyenne des den- 
sites des pixels imrrtediatement adjacents dans so 
la meme ligne ; 

un moyen pour produire dans ladite m6moire, 
une troisieme ligne dont la densite de chaque 
pixel est 6gale a la moyenne des densites des 
pixels correspondants dans chacune desdites ss 
lignes mises a Pechelle ; et 
un moyen pour extraire de ladite mSmoire en 
sequence afin d'assurer la mise a Pechelle ver- 


ticale, la premiere ligne de ladite paire horizon- 
talement mise a Pechelle de lignes, la troisieme 
ligne produite dans ladite nrtemoire et la secon- 
de ligne de la paire mise a Pechelle horizonta- 
lement de lignes. 

7. Dispositif selon la revendication 6, comprenant de 
plus : 

un moyen pour traiter lesdites lignes en paires 
successives de lignes numerotees impaire et 
paire ; 

un moyen pour selectionner la ligne numerotee 
impaire de chaque paire et la mettre a Pechelle 
horizontalement en produisant un pixel suppie- 
mentaire entre chaque paire des pixels succes- 
sifs dans la meme ligne, chacun desdits pixels 
supplemental res prdsentant une densite egate 
a la moyenne des densites des pixels immedia- 
tement adjacents dans la meme ligne ; 
un moyen pour selectionner la ligne numerotee 
paire de chaque paire et la mettre a Pechelle 
horizontalement en produisant un pixel suppie- 
mentaire entre chaque paire des pixels succes- 
sifs dans la meme ligne, chacun desdits pixels 
suppiementaires ptesentant une densite egale 
a la moyenne des densites des pixels immedia- 
tement adjacents dans la meme ligne ; 
un moyen pour produire pour chaque paire, une 
nouvelle ligne dont chaque pixel est egal a la 
moyenne des pixels correspondants dans les 
lignes numerotees impaire et paire mises a 
Pechelle ; 

un moyen pour extraire en sequence afin d'as- 
surer la mise a Pechelle verticale, la premiere 
ligne numerotee impaire mise a Pechelle hori- 
zontalement, ladite seconde nouvelle ligne et 
la troisieme ligne numerotee paire mise a 
Pechelle horizontalement. 

8. Dispositif selon les revendications 5 a 7, lequel est 
constitue dans la pratique d'un m icrop recess eur. 

9. Dispositif selon les revendications 5 a 7, lequel est 
constitue dans la pratique de circuits logiques spe- 
cialises. 
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